By A. E. BOYCOTT, M.A., M.D., B.Sc. (Read: Friday, March 17th, 1905.) In trying to combat the ravages which are produced by any of the various infective parasitic disorders to which man is exposed, it is of the first importance that the sanitarian should be in possession of full information as to the lifehistory of the parasite which is the causative agent, and especially that part which is spent outside the human body. Without such knowledge, it is difficult to plan, still more difficult to put into effect, any devices for the undoing of these parasites other than those of an altogether exploratory or empirical nature. Some parasites, such as the gonococcus, have, we believe, no saprophytic existence, and no other host than man; remedial measures are perhaps neglected, but they are none the less simple and obvious. In other instances, such as yellow fever, our knowledge of the physiology of the life of the causative agent has been gained in advance of our acquaintance with its morphological nature; it is, however, sufficient to give us good expectations that material progress in the suppression of the disease may continue to be made. In yet other cases? and this class comprises the majority of infective disorders ?we know practically nothing of the life of the parasite outside the body of man, and perhaps of certain animals, and any efforts which may be directed against the B. typhosus or the pneumococcus are necessarily, to a large extent, of the nature of vague experimentation. The greater part of mankind live in the tropical and sub-tropical parts of the globe. Taking the world as a whole, the two fundamental diseases to which they are here subject are malaria and ankylostomiasis. Until the history of the malarial parasite in its life outside the human body was known, the only weapon in our possession was at once empirical and purely defensive; those great researches of Ross have enabled us to plan a philosophical attack in a'practical and, we hope, an efficient manner.
Our knowledge of the morphology and physiology of the N. s.?VOL. xxiv. I life-history of Ankylostoma is still far from complete in many details. In the main outlines, however, it is sufficient bo enable us to trace a close connection between the habits and mode of life of the parasite on the one hand, and the whole range of its pathology on the other, and it is from this point of view that I should like to consider the subject of my paper. In the first place, I propose to briefly consider the life-history of Ankylostoma ; then to review the conditions which may influence this history; and, finally, to consider the applications of these facts to sanitation. The full-grown sexual Ankylostoma inhabits the upper part of the small intestine in man. There are two known species?one, known as A. duodenale, is found in Europe, Egypt, etc., while the other, A. americanum, has recently been differentiated from the old-world species by Stiles in the United States.
The details of the life-history of this latter species have not been fully worked out, but, as far as our information goes, it does not differ from that of the older species, and the effects produced seem to be identical. In case, however, further research reveals any important differences, it is as well to say that the following account refers to A. duodenale. The worms are found in the intestine in numbers which vary from two or three to many hundreds. The females lay eggs in very large numbers, and in consequence the stools of an infected individual are often crowded with eggs.
As seen in fresh faeces, the eggs are characterised by a thin, clear, colourless shell, about 60 /jl by 40 /x, of a regularly oval outline. The greyish contents are easily seen, and the egg when first passed consists as a rule of four segments. Under suitable conditions, segmentation o 7 o proceeds very rapidly, and a m'orula stage is soon reached.
The egg may contain an active vermiform embryo in 18 hours, which shortly escapes from the shell. The newlyhatched larva is about 0.27 millimetres long. In favourable surroundings growth proceeds rapidly, and in another 24 hours the larva has moulted, and attained a length of 0.55 millimetres. After a second moult, the beginnings of a definite "chitinous" sheath can be readily made out; and a third moult brings the larva to a final measurement of about 0.6 millimetre. The sheath is now very well developed, and to a certain extent, especially at the head and tail, the larva is free to move within it. This stage is known as the "encapsuled" or "full-grown" larva, and is one of the fundamental landmarks in the cycle of development, representing as it does the adult saprophytic phase of the parasite. So long as it does not gain entrance to the human body, no further growth takes place; the larva remains asexual, and no multiplication of individuals occurs. If, on the other hand, the larva can obtain a lodgment in the human intestine, development soon proceeds; rudimentary sexual organs appear, and after a series of moultings the adult parasitic stage is reached, with sexual differentiation into male and female individuals, and a rapid multiplication of individuals. The important points in this life-history are, firstly, that there is no intermediate host, and, as is usual with these higher parasites, the infection of each host is specific for each parasite : thus a dog Ankylostomci cannot infect man, nor a human Ankylostoma a sheep. In the second place, there is no multiplication of individuals, either within or outside the host. Such increase in numbers can only be brought about by a due and alternating succession of parasitic and saprophytic phases. The statement, originating, I believe, with Giles and since repeated by several observers, that Anleylostoma has a sexual stage outside the body, are to be received with great caution. Their results are readily explained by the assumption?perhaps unjustifiable?that they were not dealing with pure cultures. There are a number of small, entirely saprophytic, nematode worms which are of very general occurrence in earth. The eggs and larvse of some of these closely resemble those of Ankylostoma ; the adult sexual forms are, however, quite different, and appear to be exactly similar to the worms figured by Giles and others. These earth nematodes flourish and multiply to an extraordinary extent in faeces to which they may gain access; and I have found them in such situations, as well as in uncontaminated earth, in many English mines, both coal and metalliferous, infected and non-infected. Their frequent presence, and the close resemblance which the larvae of some of them bear to undoubted Ankylostoma larvae, vitiate also the value of observations on the occurrence and habits of (so-called) Ankylostoma in its natural saprophytic habitat. On the experimental side, numerous experiments have, in my hands, given uniformly negative results, and in no case has any sexual form been observed in cultures made from faeces which had not been exposed to contamination from the earth. Similar cultures made from material containing Ankylostoma eggs, which had been picked off the ground, showed on many occasions sexual forms of small nematodes belonging to the family Anguillulidce, but only I 2 the larvae of Anhylostoma. Many different methods of culture were tried?aerobic and anaerobic?with duodenal mucosa and various extracts made from it, with blood, at different temperatures,in acid and alkaline media, etc ; but genuine Anhylostoma larvae could never be persuaded to make any further advance in development from the encapsuled stage.
The chances of multiplication are further diminished by the fact that it is only at a certain point of the saprophytic development that Anhylostoma becomes capable of infecting its host. It was clearly shown by Leichtenstern that the eggs and young larvae are not infective ; he found that eggs appeared in the stools only after the full-grown encapsuled larvae had been administered to the subjects of experiment. I would direct especial attention to this point, which is of unique importance in the consideration of the distribution and epidemiology of the disease.
The time-relations of these changes are also of practical importance. From the fresh egg to the encapsuled larva takes at the least four or five days, and usually longer. The second period of growth, within the host, from the encapsuled larva to the sexual adult, occupies about five weeks. The possible length of life at each stage is less well defined : if the eggs are exposed to conditions which are unsuitable for their immediate development they do not live very long?four or five weeks, perhaps, often only a few days. The encapsuled larva is capable of a very prolonged saprophytic existence. I have been able to keep such larvae alive in the laboratory at room temperature for more than twelve months. During the whole of this period they lived in an ordinary Petri dish, with no more nourishment than that contained in the fragment of faeces from which they were originally hatched, and in the London tapwater which was added from time to time to make good the loss by evaporation. In their natural habitat they are probably capable of living for a still longer period. The adult parasitic form is also long-lived. Stiles found several cases of infected children in a home in the United States, which was situated outside the endemic area. They had been brought from an infected district more than six years previously, and it is not possible to believe that they had been re-infected during their residence in the well-conducted institution in which they lived. Another interesting example of the duration of the infection came to the notice of Haldane and myself in Cornwall. A youth worked in the infected area?which is here strictly confined to the underground workings of the mines?in 1898; lie soon became anaemic, and gave up the employment. When we saw him at the end of 1902, he had spent the intervening four years in driving a butcher's cart, and had not been even to the surface workings of a mine ; yet we were able to find a few eggs in his stools.
A knowledge of the paths of infection gives us little assistance in our endeavours to suppress the parasite. It has been proved long since by direct experiment that the mouth affords for Ankylostoma, as for other parasites, an easy mode of access to the intestines; and, until recent years, this was believed to be the only path of infection. Looss, and after him several other observers, have shown, however, that the encapsuled larvae are capable of penetrating the unbroken skin vid the hair-follicles. It is stated that they are then carried by the blood stream to the lungs, where they form emboli. Gaining access in this way to the air passages, they pass up the trachea and down the oesophagus, and so find their home in the small intestine. If any part of the surface of the body may thus afford a possible point of infection, it is clear that no direct indication is afforded in the matter of prevention; and the brilliant researches which have led to this notable addition to our knowledge are scarcely other than depressing to the sanitarian.
There is, I think, no reason to doubt that infection may, and does, occur by direct reception of the larvae into the stomach, and thence into the small intestine. Experimentally, encapsuled larvae may survive for two or three days in strong mixtures of pepsin with hydrochloric acid up to 0.5 per cent., and in alkaline trypsin solutions. If swallowed larvae pass through the walls of the pharynx or oesophagus, in order to undergo development before facing the ordeal of gastric juice (which is by no means alwTays present in the stomach), it is difficult to see why the interval between infection and the appearance of eggs in the stool should be so much longer in a skin (70 days) than in an alimentary infection (30 days). My own experience is that, 18 months after having made entirely ineffectual attempts to produce an infection through the skin, I became infected at once through the mouth after an accident with a pipette.
We have next to consider the influence of various external conditions on this cycle of development. Temperature has also a very marked influence on the rate of development. At 35 deg. Cent, free larvse may appear within twenty-four hours, and encapsuled larvse in four days ; while at 16 deg. Cent, the eggs may take three to seven days to hatch, and encapsuled larvse may not be present for a fortnight.
Once the larvse have reached the encapsuled stage, they are relatively indifferent to temperature. I have never succeeded in keeping them alive for more than a few days at 37 deg. Cent., while at room temperature (10 deg. to 20 deg. Cent.) they live for many months. They appear to live equally long at 25 deg. Cent.
2. Moisture.?A certain amount of moisture is necessary at every stage, and " ordinary" drying at room temperature kills eggs and larvse in an hour or two. On the other hand, excessive wetness is fatal to the eggs. Infected fseces covered with a layer of water | in. in depth will never hatch at any temperature, and die in about a week.* The larvae, on the contrary, prefer to live in water, and the most succesful method of hatching which I have tried is one in which the faeces are kept damp, but not submerged, while they are surrounded with a moat of water into which the newly-hatched larvae may escape.
3. Oxygen?These differences in the relation of Ankylostoma to water at different stages of development are explicable, I think entirely, by variations in oxygen requirement. The eggs will only hatch in the presence of a very free supply of oxygen. A gram of infected faeces corked up in a 20 cc. test tube fails to show any larvae after exposure to a suitable temperature. The inhibitory action of water appears to depend on the relative exclusion of oxygen, for if air be bubbled through a mixture of infected faeces and water at 25 deg.Cent. larvae hatch out (though only in small numbers) in three or four days. If hydrogen is bubbled through a similar mixture, no development takes place, so that the result obtained with air is not due to the mechanical disturbance.
The encapsuled larvae, on the other hand, show anaerobic capacities-of an order which is somewhat remarkable in an animal so high in the zoological series. They will live and exhibit the most lively movement for three weeks in an atmosphere of hydrogen at 17 deg. Cent., and for at least eight days in carbon dioxide, or in a vaccum.
Oxygen is, then, necessary during active growth, but not during the resting stages. Experiments in the anaerobic development of the larvae showed that development did not proceed unless oxygen was present, though the young larvae were not immediately killed. These facts are in complete accord with the observed inability of the eggs or young larvae to produce an infection if taken into the alimentary canal. 4. Chemical Agents.?The most exaggerated views have been held on the supposed extraordinary powers of resistance to antiseptics exhibited by Ankylostoma larvae. It is entirely a question of the time factor. It is quite true that the encapsuled larvae may exhibit active movements for a quarter of an hour after immersion in a 4 per cent, solution of corrosive sublimate, but they were surely killed in four hours in a 0.1 per cent, solution of sublimate, 0.25 per cent. * After repeating this experiment a number of times with the uniform result mentioned above, I have lately observed an exception in which a few dead one-day larvae were found in a preparation which had been continuously covered with two inches of water at room temperature. izal, or 1 per cent, carbolic acid. In twenty-four hours, 0.1. per cent, izal or 4 per cent, sodium chloride will kill the adult larvae. The explanation of the marked resistance shown by these larvae when first exposed to the action of the poison is due to the presence of the thick sheath, and it is only after a certain time that this protection is penetrated. Young larvae, with a much thinner coat, are more easily killed, and in this way the application of a 2 per cent, solution of sodium chloride to infected faeces will prevent the development of encapsuled larvae, though 6 per cent, is required to prevent the eggs hatching, and 4 per cent, to kill the encapsuled stage.
Bruns found that the more he diluted faeces with water, the quicker and more complete was the development of larvae.
All observers have noticed that occasionally no larvae can be obtained from faeces full of eggs. This seems to be due to the presence of some substances in certain stools which kill either the eggs or young larvae. I have found that aqueous extracts of some faeces will kill the newly-hatched larvae. Why this is I do not know. It is not a question of the reaction. Bruns' view that it is due to the, plasmolysing effect of salts can hardly be correct, since faeces contain hardly any soluble salts. 5. Light.? Sunlight is said to be quickly fatal to the larvae. My own experiments on this point gave entirely negative results, but the only sunlight available was that which may be had in London.
It will now be necessary to consider shortly the relation of the infected individual to the infecting agent.
The typical result of Ankylostoma infection is an anaemia of greater or less severity. Definite data on the length of time after infection which must elapse before well-marked symptoms are produced are not available, but there are fairly clear cases in which a very profound degree of anaemia has been reached within three months of infection.
In the intervening period symptoms are indefinite, but certain " dyspeptic" pains without any association with the taking of food are often present, and have, I think, a definite connection with the presence of the parasite in the small bowel.
In many cases a skin affection (botches, bunches, gourmes, mazamorra, coolie-itch, etc.) of varying severity will be present. The degree of anaemia varies from a diminution of 10 or 20 per cent, in the percentage oxygen "capacity of the blood, to a condition of the blood which is not exceeded in severity even in the worst cases of perni-cious anaemia. Patients in the latter condition are, of course, helpless, and frequently die unless treated. Even the former class may exhibit some symptoms of dyspnoea on severe exertion, and their working capacity is thereby distinctly?though perhaps only slightly?diminished. Many cases seem to reach a condition of moderately severe anaemia, beyond which they do not sink. With a percentage oxygen capacity diminished by one-half, they may drag on for years in a state of constant ill-health and inability to do their share of work. The actual destruction of life caused by Ankylostoma is considerable enough, but the chronic illness which ensues in neglected and unrecognised cases is responsible for far more unhappiness.* One important point in the pathology of infective diseases is illustrated particularly well by ankylostomiasis. This is, that many of those who harbour the worm suffer from no symptoms of disease at all. The percentage of sick people in a series who are about equally exposed to an infection varies a great deal with different infections, as well as with different series of possible subjects. From the demonstrated infection of 2, or 5, or 10 per cent, of a population exposed to wateror milk-borne enteric fever, there is every gradation under varying circumstances to the destruction of half a population by plague, sleeping-sickness, or kala-azar. Now, in these instances, we are to a very large extent compelled to judge of the infection of the individual by the obvious presence or absence of disease.
In Ankylostoma, however, we have a parasite of such dimensions that the criterion of its presence may, if necessary, be made entirely macroscopic, and we can ascertain very clearly what proportions of a population are on the one hand infected, and on the other hand suffering from definite disease. It has been found that in localities which are especially favourable for the worm, practically every individual who is exposed to infection actually harbours the parasite. Dobson found eggs in the faeces of 75 per cent, of the natives in Assam ; and in one of the Cornish mines, after examination of about a quarter of the underground hands, taken at random, I failed to obtain satisfactory evidence that a single man was without the worm. Yet, at the worst, not more than 10 per cent, of the men were actually ill, and the great majority expressed themselves * The truly appalling state of a population saturated with neglected Ankylostomiasis is shown very well in the Report of the Commission for the Study and Treatment of " Ancemia" in "Porto Rico, by Ashford, King, and lngaravidez. San Juan, P. II. 1904. to be in perfect health. Of 21,612 men who were found to have eggs in their stools and received specific treatment in Westphalia, only 6.8 per cent, showed definite anaemia. These considerations, I think, support the suggestion that the apparent partial incidence of many infections depends more upon the resistance of the infected individual than upon the mere inclusion of the parasite within his body.
One has, then, to distinguish two classes of infected persons?those who have Ankylostoma infection, and those who have the disease ankylostomiasis. Without entering upon a purely pathological discussion, it is perhaps worth mentioning that the tissues of the former class?who may be called immune?are not absolutely indifferent to the presence of the worm, since the blood in these cases shows, as I know from personal experience, the somewhat characteristic changes in the leucocytes to a degree which on the whole is greater than that found in those who are actually anaemic.
The variation seen in the degree of illness produced is, then, due in part to variation in the natural resistance of the individual to the toxic products of the worm. It is also due to variations in the magnitude of the infection.
Cases are well established in which a fatal issue has ensued upon the presence of comparatively few worms in the bowel. Perfect health, on the other hand, is not inconsistent with the presence of hundreds of parasites. There is, however, some relation between the degree of anaemia and the amount of infection, and especially the frequency of infection. Individuals exposed to infection under conditions which are eminently favourable to the worm on the whole suffer more severely than those who only meet with the extra-corporeal stage where it has to struggle for existence. These considerations are in harmony with the fact that the anaemia is not due to the abstraction of blood by the worms. This has been clearly established by the investigation of the blood-volume of Cornish patients by Haldane, and is supported by many other details of the infection.
Such is a brief account of the life, habits, and effects of Ankylostoma. From these data it is possible to deduce a satisfactory, if not an entirely complete, explanation of most of the facts which are the result of epidemiological observation rather than that of laboratory experiment. Since both lines of investigation lead us to the same ends, it is unnecessary?as it would perhaps be undesirable?to consider which of the two gives us the better indication for practical hygiene.
Ankylostoma may infect either men or places. The infection of men is immediately the concern rather of the clinician and the pathologist than of the sanitarian. There are, however, two points which require emphasis. I have already laid stress on the fact that many individuals harbour the worm without showing any signs of obvious illness. Yet such persons are potential carriers of infection to other places; no less than those who are actually ill. The healthy " worm-carrier," indeed, is the greater factor in the dissemination of the worm by his more facile locomotion.
Such people, too, may remain infective for years after they have removed from an infected locality.
The parasite may thus travel all over the world in the persons of those upon whom no suspicion would be likely to fall, and who would, in most instances, be themselves entirely in ignorance of their dangerous character. On the other hand, an infected individual cannot spread the infection before his own parasites have commenced to lay eggs. This favourable point is more than counterbalanced by the fact that, since the diagnosis in the ordinary way rests on the discovery of these eggs in the stools, he would pass even a specific medical examination during the same period.
For the infection of places, three conditions are obviously necessary. Firstly, that infected faeces should be deposited ; secondly, that the place so contaminated should present those combinations of temperature, moisture, and aeration, which have been already defined as necessary for the development of the infective stage of the worm from the egg. And thirdly, that an interval of time should elapse between the deposition of the eggs and the development of the infectivity of the place : as, however, this interval may be so short as four or five days, this condition does not come to be of any greatp ractical importance, though it precludes a constantly-recurring cycle of auto-infection.
It is, of course, possible that the encapsuled larvae might be carried from place to place as such. Under these circumstances, conditions of temperature, etc., play a much less important part. The inability of the larvae, however, to withstand drying renders this mode of transmission of no practical importance, except over very short distances.
The first condition, that faeces should be deposited in such positions that human beings shall thereafter come into contact with them, is fulfilled all the world over with varying degrees of completeness. The majority of man-kind makes no special provision whatever for the disposal of excreta. Among relatively savage races this is perhaps not unreasonable ; but it is surprising to learn that among, e.g., the farming class in the southern parts of the United States, even the most elementary privy accommodation is unknown. With permanent houses the result is obvious, and the whole of the soil in the immediate neighbourhood of their dwellings is saturated with fsecal contamination, growing worse and worse as time goes on. And it is just these very parts of the earth with which the inhabitants come into intimate daily contact in the pursuit of agriculture.
A nomadic people are in a far better position, as their filth is periodically left behind them, and the custom among the Burmese of having a fresh capital for each king finds ample justification in considerations of public health alone. Greater care is taken in the disposal of excreta in this country, I suppose, than in any other; yet a brief inspection near any large centre of population will soon show anyone whose observation is sharpened by interest that there is abundant opportunity for the careless or unwary to come into contact with human excrement. That the population of London have not infrequent contact with stale human faeces is shown by the fact that the eggs of the worm Trichocephalus dispar were found in the stools of rather more than 10 per cent, of 250 patients taken at random in the general wards of Guy's Hospital. Dr. French is still continuing this inquiry, and I am indebted to him for permission to mention the main result now. It is one of great interest, for in Trichocephalus we have a parasite which is not capable of any multiplication outside the body, and one, too, which (as far as is known) can only become established in the bowel by ingestion with the food of eggs which have lain outside the body for a time sufficient to enable the larva to develop. The prevalence of this harmless parasite gives, I imagine, an excellent minimal value for the excremental contamination of the intimate surroundings of a population. I have found, for instance, that three-quarters of the men who work in the abominable filth of some of the Cornish mines, are infected with Trichocephalus ; and even higher percentages have been constantly found to accompany the elementary habits of the natives of the East.
If, then, foecal contamination were the main factor in the occurrence of ankylostomiasis, the disease would be prevalent all the world over. The second condition is, however, the one which determines the geographical and topical incidence. Epidemiological observation confirms the suspicion which is aroused by laboratory experimentation? that Ankylostoma would be found to be prevalent only where the eggs, on leaving the host, find those conditions of temperature, moisture, etc., which enable the larva to develop to the infective stage. Generally speaking, the geographical distribution of Ankylostoma is a question of temperature. It has been found in almost all parts of the tropical and sub-tropical world, and in all probability a short search would soon reveal its presence in those districts from which it has not yet been reported. In Europe it occurs among the general population south of the Alps; it is very common in northern Italy, and occurs in Hungary. It is probably common enough in Spain, though there are no details available. In northern Europe it has been found in those areas in which the necessary constant warmth has been provided by artificial means; the coal mines in Westphalia, in northern France, and in Belgium, and the metalliferous mines in Cornwall, have all suffered more or less severely from the ravages of the worm. The temperature in the underground workings of most extensive mines is high enough, at least in parts, to enable the eggs to hatch and the larvae to grow to the encapsuled stage.
Taking the possible lower limit as 16 deg. Cent., and the optimum as 25 deg. Cent., as defined by the experiments mentioned above, we find a striking confirmation in the following These figures show that illness does not occur to any extent unless the temperature is such that the conditions are distinctly favourable for the development of the worm. In the inquiry into the prevalence of Ankylostoma in the Belgian coal mines, attention was paid rather to the number of infected men than to the number of cases of illness; and it was found that, under conditions of temperature at which development is possible, though not encouraged, a considerable number of miners became infected.
Thus in sixteen mines, with a temperature of 15 deg. to 20 deg. Cent., the percentage of infected men varied from 4 to 52, though the cases of actual illness were relatively few.
It is perhaps interesting to consider the possibility of Ankylostoma living on the surface in this country. The Greenwich Records for Fifty Years show that the mean daily temperature exceeds 60 deg. Fahr. on an average of 71 days in the year; the average number of days per annum on which the temperature rises above 70 deg. Fahr. is 77, and on nearly four days per annum does it fail to fall below 60 deg. Fahr. The average number of days on which the temperature falls to freezing point is 56, and on nearly five of these it remains continuously below zero for 24 hours. Though the Greenwich Records represent the temperature of one of the colder localities in England, The question of moisture plays a less prominent part in the geographical prevalence of the worm, since few localities fail to provide the small amount which is absolutely necessary. The melancholy history of the Westphalian pits illustrates, however, the importance of moisture in the degree of vigour which the infection may display. The 
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In 1900 a system of watering the roads was made compulsory, in order to prevent explosions of coal-dust. This desirable object has been, I believe, obtained, but only at the price of an epidemic of ankylostomiasis, which has cost the coal industry many thousands of pounds, and which is still a source of no inconsiderable trouble and danger.
The only practical application of the need of oxygen shown by the developing embryo which is of material importance is this?that faeces deposited in and covered by water are safely disposed of, since no development will then take place. The anaerobic qualities of the adult larvae and its power of flourishing in water, render its transport by moving water possible and easy ; in this way, infection may be brought over a short distance from an area of high temperature to one where the eggs would not hatch. Such circumstances as would render such a possibility of practical importance are of frequent occurrence in mines. When in water and undisturbed, the larvae seem to quickly sink to the bottom; and since the finer sediment with which they are mixed in the polluted mud or dirt where they develop settles more slowly than the larvae themselves, water which is perfectly clear on naked eye examination is probably free from infection. muddy, and the fcecal contamination extensive. A considerable number of men have returned to work in this mine from infected districts abroad, and some men who were actually known to harbour Ankylostoma had worked here for a time. The conditions, in short, for the introduction and spread of the disease were at least as favourable as those prevailing in other Cornish mines which were severely infected. Yet no trace of Ankylostoma could be found. The reason for this evidently lay in the nature of the water which permeates the mine. Some of this flows in from the land side, and is ordinary spring water, but most of it is derived from the sea by leakage through the roof into the upper levels. As a result, the average content in salt of seven samples of water from different parts of the mine was 2.23 per cent., an amount which, as has been shown above, is sufficient to destroy the newly-hatched larvae. There is no doubt that this mine owes its freedom from Anlcylostoma to the somewhat undesirable thinness of the roof, and the resulting salinity of the water. It will now be apparent that our knowledge of the lifehistory of Anlcylostoma is sufficiently accurate and sufficiently?though far from altogether?complete to afford us very clear and definite indications in the matters of prevention and treatment.
Prevention of ankylostomiasis is secured by any system of disposal of excreta which is in accord with Western notions of common cleanliness.
The treatment of ankylostomiasis may be either the treatment of the infected individual or of the infected place. The former is beyond the province of the present paper ; but, as it in practice becomes an integral part of the treatment of places, brief mention of it is necessary. We have, fortunately, in thymol a drug which acts as an exceedingly efficient anthelmintic for Anlcylostoma, if used in the proper way. The first necessity is that adequately large doses should be given : there is a rather prevalent feeling that thymol is an extremely dangerous drug, and a consequent tendency to " be on the safe side" in the doses which are given. Small doses are " on the safe side" for both the host and the parasite, and in consequence no good results. The second necessity is that treatment should be repeated as often as is necessary to kill all the worms; this can only be judged of by very careful microscopical examination of the stool for eggs after each dose. It is worse than useless to treat an infected individual without taking the trouble to gain an accurate knowledge of the result: one dose often fails to kill all the worms, though the patient's general health may be much improved. As a consequence further treatment is not insisted on, and the worm-carrier, efficiently isolated while seriously ill, is enabled to go abroad and spread the disease still further.
The treatment of infected places opens up a very large, and in many places still untried, field. The indications are clear enough, but in practice the feasibility of following them out is of necessity an important consideration. It is obviously necessary to prevent further contamination, on the one hand by arranging that all fseces shall be disposed of in an adequate manner; on the other, by treating everyone who harbours the worm until eggs are ho longer present in the stools. Re-infection of the locality is thus prevented. How to destroy the infection already present must depend on local circumstances. It is practically certain that the larvae, long-lived as they are, must die out sooner or later, and, since no reproduction of individuals takes place outside the body, evacuation of the locality would in the end be efficacious. If this is impossible, treatment with poisonous solutions might, I am convinced, be undertaken in some instances (notably, of course, in mines) with some prospect of success. In the case of coalmines, evacuation would result in the production of an anaerobic atmosphere in which, after some time, the larvae would perish.
Where the infected area is circumscribed, as in mines or tunnels, prevention is easy. The success with which the worm has been excluded from the Simplon Tunnel workings is a great testimony to the vigilance of those responsible for the medical care of the workmen; it is also conclusive proof that such disasters as that at the St. Gothard twenty years earlier are quite preventible. The cure, however, of even a limited underground area is a matter of difficulty, as the Westphalian experience has shown. A system of frequent examination of all underground workers, followed by treatment of those found to be infected, has been combined with apparently efficient efforts to overcome the peculiar prejudice in the matter of defsecation which seems to be common to all miners. By this means the amount of actual illness has been reduced to nil. It is, however, disquieting to learn that all the efforts which have been made during the last four years have failed to altogether eradicate the infection. At one colliery, for instance, the percentage of infected men was 20 per cent, at the first round of examination and treatment, 13 per cent, at the second, are in all cases extremely difficult, and in most cases quite impracticable. They will also do no more than influence the development of the eggs. The same end is attained more simply by securing that there should be no eggs. In a few cases dryness may be aimed at as an auxiliary measure, and in still fewer a slight diminution of temperature may be obtained, which may help to turn the scale against the worm.
In the tropics, where the infected locality is co-extensive with the inhabited area, little can be done beyond treatment of cases of definite illness as they arise, and prevention of a certain amount of infection by the protection of bare feet and legs. It seems to be beyond hope that the natives should be induced to assist by disposing of their excreta in appointed and suitable places.
It would seem unnecessary to remark that the recognition of Ankylostoma as one of the most potent causes of illness and inefficiency in hot climates is the first step in the way of treatment. It has, however, always been characteristic of the disease that its true nature should long remain unsuspected. In Puerto Rico, for instance, about one-quarter of all deaths were certified as due to " anaemia," yet it remained for Ashford to point out, in 1900, that the real cause was Ankylostoma. In the same way, it was not till 1902 that Stiles showed that ankylostomiasis is extremely prevalent in the southern parts of the United States. Yet, again, the worm caused much illness among the Cornish miners from 1894 onwards; but the real cause of " Dolcoath anaemia" remained unsuspected, and necessarily untreated, until it was pointed out at the end of 1902 by Haldane. there, and then entering the aesophagus, and so passing into the stomach. He also says that if the Ankylostorne larva is introduced directly into the stomach it is digested and so disposed of ; he considers that the object which is probably served by the passage of the larva through the lungs and through the blood is to acquire a certain amount of resistive power, which enables it to withstand the action of the gastric juice, and so enables it to get along without being killed until it reaches its proper habitat, the small intestine. I know that it has been shown by experiment that infection can be produced by the artificial introduction of Ankylostoma into the stomach ; but Looss explains this by saying that the infection is not produced by the larvae that proceed directly to the stomach, but only by larvae arrested on their way to the stomach, and which have penetrated the walls of the aesophagus in the same way that they penetrate the skin when they obtain access through that channel. I should be glad to hear whether any attempts have been made to secure the passage of the Ankylostoma larvae directly into the stomach, without their being given an opportunity of attacking the walls of the aesophagus: for example, by introducing larvae in gelatine capsules, or in any other way which would prevent them from attacking the walls of the aesophagus before getting into the stomach.
Ankylostomiasis is an exceedingly common disease in the East, and is by no means confined to natives. In this country I have seen three or four cases of apparently pernicious anaemia which, by examination of the stools with a microscope, were found to be Ankylostomiasis. I would k 2 strongly recommend anyone who is consulted by an anaemic from the Tropics not to neglect the examination of the stools with the microscope. I recollect very well one case of a patient discharged from a hospital as the subject of an incurable form of pernicious anaemia; his stools were found to be loaded with the ova of Ankylostoma, and a few doses of thymol cured his pernicious anaemia.
The importance of the Ankylostoma in the Tropics is difficult to over-rate.
Dr. Thornhill, who made a very complete study of the distribution and prevalence of Ankylostomiasis in Ceylon, says that it is far more important to the Cingalee than cholera, both directly and indirectly. The aggregate mortality is infinitely greater than from a disease like cholera, so prevalent is the infection.
I am perfectly sure that if we were to make a systematic examination of the stools of Lascars from Tropical countries, we should find that in at least half of them Ankylostoma are present : not in sufficient numbers, perhaps, to produce anaemia, but still the Ankylostoma is present. Everywhere throughout the Tropics you will find this condition.
I should like to ask whether Dr. Boycott found Anguillula in the stools of the miners in Cornwall as well as Ankylostoma; because in Tropical countries, in a large pro-pfOpUftTon of Ankylostoma patients, Anguillula is also present. It is not of great pathological importance, but from a biological point of view it is interesting.
May I also ask Dr. Boycott whether he has made any experiments with filix-mas in these cases : it is said by some to be more effective than thymol. I am mj^self satisfied with the efficiency of thymol, which is an invaluable drug in the management of intestinal parasites in the Tropics; it will often procure the discharge, not only of Ankylostoma, but of round-worms, tape-worms, and flukes of several descriptions. Sometimes, after a sufficient dose of thymol you will find a perfect museum of organisms in the stool. I had one patient in the hospital last year?a Lascar from India?in whose intestines and blood we found at least half a dozen different parasites. He had Ascaris lumbricoides, Tricocephalus dispar, Ankylostoma duodenale, Filaria nocturna, and Bilharzia; he was indeed a perfect museum of parasites ; it was possible to give a different clinical lecture upon him every day in the week. As to the practical management of Ankylostomiasis, I may mention that, some time ago, I had a conversation with the proprietor of a sugar estate in Trinidad, where Anky-lostomiasis is extremely common. He was put to great expense in consequence of the constant sickening of his coolies from anemia. The cause of this anaemia he clid not know, but he remarked that the coolies working in certain fields were extremely liable to a peculiar skin eruption, known as " coolie-itchand that all these coolies were, sooner or later, invariably struck down by a pernicious anaemia. Undoubtedly these coolies working in these particular fields had become infected through their skins by the Ankylostoma larvae. Now, my friend the planter was not aware of the pathology of this " coolie-itch but he argued that the coolies became infected somehow through their skins by the germ which produced the " coolie-itchhe believed the germ to be a bacterium ; and he thought that if he could prevent the bacterial infection he could prevent the subsequent anaemia, and so prevent loss to himself. He set to work to try and find out some antiseptic which might be efficient as a protection against this infection, and he bethought him of an experiment which he had seen made many years before in Germany. He was a dyspeptic, and used to pay a visit to a certain German spa every year, and there he had become intimate with some farmers interested in gooserearing ; these farmers were a long way from the market, and in order to get the geese to the market they had to travel over great distances. The roads were flinty and rough, and the result was that the geese arrived at the market with their feet in a very injured condition. To prevent this, the farmers devised a peculiar kind of stocking. They made the geese, before starting on their journey, walk through a shallow layer of tar and then through a layer of sand; and in that way they were provided with shoes and stockings, and in these shoes and stockings they made their journey without injury. My friend the Trinidad planter thought he would apply this idea to his coolies; so he made them, before going to the fields to work, walk through some Barbados tar and afterwards through sawdust. The experiment had an excellent result. There was no more " coolie-itch" and no more anaemia.
I do not know whether that idea is practicable in every circumstance of plantation life, but certainly in this particular instance it was an efficient protection against Ankylostoma.
Dr. Leiper : Mr. Chairman and Gentlemen: I do not know that I can with any confidence offer any criticisms upon the excellent Paper which we have heard this evening ; but I will take this opportunity of expressing my thanks to the Honorary Secretary for having given me, as a nonmember,notice of this meeting, and inviting me to be present.
The subject is one of great practical importance in this country?greater even, I think, than Dr. Boycott has pointed out. One would gather, perhaps, from this Paper that the occurrence of this disease in the British Isles was confined to the southern parts ; but in Scotland, from which country I have recently come, we have, during the last eighteen months, met with cases of Ankylostomiasis in Lanarkshire.
I think it is within the last eighteen months that Professor Stockman has put on record a very marked case in the mines of Lanarkshire; and I heard at the time of one or two cases of a " pernicious" anaemia, which were considered to be cases of Ankylostomiasis. It was possible that we were then on the verge of a somewhat extensive epidemic of this disease in the mines of the west of Scotland; and it is well that the importance of this disease and its prevalence should be brought under the notice of medical practitioners of mining districts, by a carefully-prepared resume such as we have listened to this evening.
I should like to ask one or two further questions in the main line on which Sir Patrick Manson has opened, with regard to the method of infection. I have been interested to hear that Dr. Boycott had shown experimentally the efficacy of sodium chloride in preventing the development of the larvae; and would like to know whether he has made any experiment with regard to the action of hydrochloric acid of various strengths on the embryos of different degrees of development. That might have given us some light on the question as to whether fully-developed embryos were able to pass through the wall of the intestine, or whether it was possible that the infection by means of the oesophagus is the only way, apart from the skin infection, by means of which Ankylostomiasis can be produced.
Dr. Boycott mentions a point which I should like to call in question.
He (Dr. Boycott) says that it has been clearly established that the anaemia is not due to the blood having been extracted by worms: one would be inclined to question whether that has been definitely established, and whether in the cases of Ankylostoma duodenale there has been shown to be an antiferment or some toxic substance produced from the worms, somewhat similar to that which one can produce from Ascaris and other intestinal parasites. Dr. Stockman distinctly states that in his opinion the anaemia was caused by the actual loss of blood owing to the habits of these creatures.
In view of the opinion of so distinguished a haematologist as Dr. Stockman, who has given so much attention in particular to the anaemic conditions, I should like to ask whether Dr. Boycott has any further information with which to support the allegation he has made.
Then he stated that it has been somewhat remarkable that in some cases you get the faeces full of eggs which do not produce larvae to any extent. I do not think that is a point of so very great importance as perhaps Dr. Boycott has made out, as it seems to me to depend almost entirely on the relative frequency of male and female in the intestine.
I should like to thank Dr. Boycott for his Paper, from which I have learnt a great deal, and in which I have been greatly interested, as well as for the demonstrations he has given us.
Professor Kenwood : Mr. President and Gentlemen, I do not know that I can add anything to this discussion. I came to listen and to learn; and I am afraid if I ask many more questions that Dr. Boycott will be quite overwhelmed by the number of replies he will have to make.
But there are just a few points on which I should like to ask Dr. Boycott for a little more information.
With regard to the resisting powers of Ankylostoma larvae to disinfectants, he has given us some interesting information. I should like to know whether he can give us any facts with regard to the efficacy of milk of lime, because in the German reports which I have read (including the Blue Book on the Westphalian Colliery attacks) they seem to be depending entirely on that disinfectant; at any rate, milk of lime was used very extensively. As Dr. Boycott has made no reference to it, I should like to know whether he considers it efficient.
It seems to me to be a most interesting point, that natives in tropical climes should suffer from this disease, whereas it appears, so far, at any rate, as northern Europe is concerned, that it is almost essentially an underground disease in Europe. In Germany this remarkable fact has been observed : that the miners who contract the disease do not give it to their wives and children, or other members of the family who are employed above ground. That is the statement given by the British Consul, who seems to have collected facts very carefully in Germany. If that is so, it is a remarkable circumstance, which is perhaps sufficiently explained by the peculiar conditions of moisture and temperature in mines. The conditions in mines are not the same as above ground ; there you get considerable heat and moisture combined, and at the same time unusual facilities for infection through the mouth and through the skin. In the case of these particular Westphalian mines, carefully-collected facts seemed to demonstrate that no known cases of Ankylostomiasis had been recorded in Germany prior to 1896; but that at the end of 1900 they commenced the practice of wet spraying in order to lay the dust. The infection seems to have been introduced prior to that; doubtless, it had been introduced on many previous occasions, but probably the moisture produced in the mine was the determining factor which enabled the disease to spread as it has done. Dr. Boycott points out what a costly business this spraying has been, but I think there is something on the credit side. In the first place, it has laid the dust, and thus prevented a great deal of respiratory disease; it has also proved entirely efficient in preventing explosions.
Lastly, is there anything at all in the horse theory which we read about a year or two back ? Of course, one takes it for granted there cannot be. There was a very strong feeling in Germany that the appearance of this disease was coincident with the introduction of horses into the mines;
and that feeling was held very generally by the medical men as well as by the miners themselves.
All the recommendations pointed out by Dr. Boycott are on sound scientific lines; but to get a miner to use sanitary boxes and wash his hands before eating, and so on, is, I am informed, an absolute impossibility in this country, if not in others. In Germany, they had tremendous difficulty in getting the men to take any precautions at all. I have been told that it would be absolutely impossible to get such regulations observed as would do away with all risk; therefore it seems to be very necessary indeed that men who are taken on in mines, if they do not belong to the district, should have their previous history thoroughly gone into, and their faeces carefully examined, before they are allowed to join the workers, having regard to the great difficulty there is in exterminating infection when once As regards Looss' experiments on the Ankylostomes entering the body through the the skin, and then going to the lungs, it is difficult to understand?still more so to prove?how the embryos crawl up from the lung through the trachea, and then down the oesophagus. That the embryo enters through the skin and gets to the duodenum is undoubted ; but more work seems to be required to enable us to know how it gets there.
One point Dr. Boycott did not mention was the preesence of the Ankylostomes in the duodenum; it occurs there as well as in the jejunum. Another fact noted by Dr. Boycott, and that a very important one, was the presence of parasites in a host, without the production of any definite symptoms. We know, for instance, in filarial countries, that large number of the inhabitants have this parasite, and yet show no signs of the disease. While in Uganda studying sleeping sickness, I noticed this very markedly. In reports on the diseases of this country I had read that Ankylostomes were said not to exist; yet at the first autopsy I made I found fifty, as well as other intestinal worms. Further examinations of sleeping sickness cases and others showed that, though no symptoms of helrninthological invasion might be present clinically, yet those individuals often harboured Ankylostomes, Trichocephalus, Ascaris lumbricoides, Filaria perstans, and Bilharzia. Though anaemia was present in some, it was not of the Ankylostomiasis type, and could always be explained as due to sleeping sickness and malarial complications. Again, the blood of many of those natives, though infested with so many worms, did not show any increase in the eosinophile leucocytes. This might be due to a gradually-acquired immunity, of course; but it illustrates very forcibly the danger of laying too much stress on this feature in the diagnosis of helminthiasis.
As regards the prevention of the disease amongst natives by sanitary measures, this would be very difficult. It would, I think, be impossible to get them to wash their hands or feet in tar, though in coolie gangs employed on plantations this might be accomplished by careful supervision. In such situations also much good might be done by introducing a system of proper latrines. Such methods are, I fear, however, impracticable for the African negro.
The President : I will now ask Dr. Boycott to reply; but before doing so, there are one or two points to which I should like to draw attention.
We are again singularly fortunate in our Paper, and the Paper we have heard to-night is a worthy and fitting sequel to the one we listened to last month.
All those who have hitherto spoken are authorities on the subject; indeed, we are very fortunate in having those present who can speak from personal knowlege on this subject. I cannot myself speak from personal knowledge, but there are just one or two points that I wish to comment upon.
The first is the possibility of this disease taking root in this country. We have heard something of it in the Cornish mines, and of the absence of it in the West Riding coal-mines; but the fact that it is known in the Lanarkshire mines is news to me at least. It may be that the disease has a wider extension than we suppose at present; indeed, the question is full of possibilities, but the one that appeals to me particularly is the possibility of its existence in factories and workshops. We have been told that the reason of its being found in mines is the artificial climate to be found there. I am sorry to say that an artificial climate of that kind is not entirely limited to mines ; we have artificial climates just as hot and just as humid in many factories. One is reassured to learn from Dr. Boycott's Paper that that is not enough; and that if the sanitary arrangements are of a kind which can be tolerated in modern civilisation, the danger is practically small. That is certainly reassuring; but during the last twelve months I have had something to do with organising a crusade in that matter, and I am afraid I must admit that there are factories and workshops in which the conditions in regard to latrines are as primitive as can be found in any human habitation, and in some cases are absolutely wanting. The particular point is, that in some of these hot and humid work-rooms there are latrines in which the conditions, so far as temperature and humidity go, would not be unfavourable to this disease. Still, we have never heard of Ankylostomiasis in connection with factories and workshops, and I hope we shall never do so. We shall take the lesson to heart, and it will afford an additional reason for pressing for this sanitary accommodation, which is so absolutely necessary from other points of view. I quite agree with what has been said as to the importance in an}1-epidemic of the under-current, so to speak, of slight and often unrecognised cases. There seem to be always, besides the severe cases, a considerable number of slight but still quite obvious cases. In the case of Ankylostomiasis these cases may be unattended by bad symptoms, and sometimes even unattended with the discharge of ova, which alone would enable us to recognise the disease. This point has been worked out in this Paper and in others, and I personally attach great importance to it: that there may be a wider under-current than we suspect of cases which are not, in the clinical sense, cases at all. It now only remains for me to tender to Dr. Boycott our cordial thanks for his most admirable Paper, the value of which is greatly increased by the illustrations and demonstrations he has given us, and by the singularly happy way in which he delivered his address.
Dr. Boycott : I have spoken with some diffidence on this matter altogether in the presence of those who, like Sir Patrick Manson and others, know so much more about the matter than I do.
With regard to developing outside the body, I had wanted to say something about that, but I feared to make my Paper too long. Personally, I am thoroughly convinced that there is no sexual development outside the body, and for two reasons :? 1. I have entirely failed to observe such a development myself; and I have taken a great deal of pains to try to notice such a development by feeding larvae on extracts of intestine and blood, and by keeping them in anaerobic conditions, and all the rest of it.
2. My attention has been strongly drawn to the fallacy that underlies all these experiments outside the body, and that is this: all over the world, and in practically every soil, are nematode worms, which, so far as their larvae are concerned, are practically indistinguishable from Ankylostoma. If you keep these earth nematodes warm, in a few days they develop into sexual forms, which are exactly the forms which Giles originally described and figured, and they have the ordinary sexual apparatus which is common to nematodes. What people imagine to be a sexual stage of Ankylostoma is really an earth nematode. It is remarkable how many of them there are which are practically indistinguishable from Ankylostoma. Mr. Cadman, who was lately an Inspector of Mines in Staffordshire, took a great interest in Ankylostomiasis, and went about with me a good deal in connection with this matter; he was extremely helpful in collecting specimens, and so forth. I once received some specimens from him which he had obtained in Shropshire, with a communication stating that he had found faeces underground which contained Ankylostoma eggs. On making an examination I found that they did contain eggs which resembled Ankylostoma, but which were really the eggs of a nematode ; there was no suspicion that these mines had been infected with Ankylostoma. The fact is, there are worms which are doing their best to pretend they are Ankylostoma, and so mislead people.
Other observers have also been misled by them. The worms which have been described in some Papers in the last three numbers of the Royal Army Medical Corps' Journal, are clearly ordinary earth nematodes. Major Smith concludes that they do not represent the sexual stage of Ankylostoma.
With regard to the experiments of Looss as to the mode of transmission from the skin to the intestine, Dr. Low mentioned that they are not altogether satisfactory. As to thinking that infection cannot take place through the mouth, I do not believe it for a moment. The experiments of Leichtenstein are quite clear, and all my own experience makes me think that mouth infection is quite possible. I made a large number of attempts with developed larvae, hatched artificially, to infect myself through the skin: with the result that there was no trace of infection, either in my blood or in my stools; afterwards I got the infection immediately through my mouth; so that I have no doubt that it is quite possible to become definitely infected through the mouth.
It is hardly credible that the larvae could penetrate the walls of the oesophagus, and my own experiments did not at all bear out the idea that the larvae are very quickly digested in the stomach. I found that the fullydeveloped larvae would live for two or three days in artificial gastric juice. I am very grateful to Sir Patrick Manson for the idea of gelatine capsules. I have almost got some excellent volunteers for experiments, and I will certainly try that one if I succeed in getting them.
With reference to the presence of Anguillula in the Cornish cases, it was present?or at any rate a worm very like it: it seems to be almost inseparable from Ankylostoma. It has also been found in the Westphalian cases, and in the north of France.
My experience with thymol is the same as that of Sir Patrick Manson.
Once we did experiment with other drugs. We gave one man (before the disease was diagnosed) two drams of filix-mas, and we did not get a single worm: the same man afterwards had a dose of thymol, and we got five hundred worms in his stools. Needless to say we did not rely any more on Felix-mas. I have heard that /3 naphthol is more efficacious than thymol.
Dr. Leiper mentioned the cases in the Lanarkshire mines. I do not understand whether they were cases actually infected in Lanarkshire, or brought there from abroad. Dit. Leiper : There was no record of these miners having been abroad.
Dr. Boycott : That is very unfortunate and disquieting, because it has always been assumed that the mines in Lanarkshire are too cold for Ankylostoma to develop in : the temperature, as a rule, is not much above 60 deg. Fahr. It only illustrates the danger that the coal industry undoubtedly runs from it.
With regard to anaemia being due to bleeding, in the first place it seems to me extremely doubtful whether the worms do suck very much blood. If you examine fresh worms, the vast majority have no appearance of having blood in them.
In the second place, the observations would seem to be absolutely conclusive against the anaemia being due to this cause. I refer to the observations carried out by Haldane. These observations go to show that the total haemoglobin in the blood was very little less than in normal people. Now, in Ankylostoma the total volume of the blood is very much increased, and it is increased practically in proportion to the diminution of the percentage amount of haemoglobin ; that is, if a person has 50 per cent, of haemoglobin in his blood, he has his blood volume doubled, so that the total haemoglobin in his body is the same.
The anaemia is produced by dilution of the blood, and not by any deficiency of the total haemoglobin in the whole body. I am quite aware that the acceptance of this conclusion depends upon whether you believe the method of determining the total amount of haemoglobin in the body to be sound. I believe it is a sound method, and I am quite satisfied with it. I would also remind Dr.
Leiper that Dr. Stockman used to believe that pernicious anaemia was due to repeated small losses of blood.
I have not made any experiments with regard to milk of lime, although it has been tried in Germany.
The idea of the infection passing through horses must be wrong. Horses have an Ankylostoma, but it is one which is special to themselves, and cannot infect man, and vice versd.
Professor Kenwood has referred to a practical point?as to the possibility of getting miners to use a sanitary pail. Any coal-owner who has not tried it will tell you that it is absolutely impossible ; but I know of a mine where, for the last three or four years, sanitary boxes have been in use, and there is no trouble with the men whatever. It is a large mine, and the total cost of the thing has turned out to be practically nothing. With a mine in which about nine hundred men are working, it has cost about ?1 a week, all told. I believe that if the matter is tackled properly, there would not be the slightest difficulty in getting it done. Even in Cornwall the men have taken to it (comparatively!) quite kindly, and Cornishmen are notorious all over the world for their habits in this respect. I was interested in what Dr. Low said as to the absence of Eosinophilia in natives, and I was wondering whether it might be due to the fact that they had had parasites all their lives. I should like to ask him whether he found it in children at all ? Dr. Low : Yes, I did find it in children.
Dr. Boycott : That might explain it, perhaps. The idea suggested by the President, that it is possible for ankylostomiasis to be spread in factories is a new one to me; and one, I trust, that will not be justified by experience.
As to the mines, of course there are a large number of mines in England which are eminently suitable places; and no doubt, unless they do take some care in the matter, some time or other they are bound to get it, considering how common it is all over the Continent. Now that things are " looking up " in the mining world, undoubtedly they will have a good many people?under-managers, for instance?now working in Continental mines, returning to England, who may bring infection with them. Once Ankylostoma obtains a firm footing in a mine, getting it out again is hardly compatible with going on working the mine, and it does amount to being a very serious matter.
As to the cases which may have no ova in their fseces, everyone has seen cases in which, from time to time, no ova could be found, but in which the ova were occasionally present; and other cases in which no ova were found during life, but the worms were found in the post-mortem afterwards, so that it was quite clear that they had been infected.
